Background: Although the headgear appliance has been used extensively to correct anteroposterior discrepancies, its treatment effects have not yet been adequately assessed in an evidence-based manner. Objective: Aim of this systematic review was to assess the therapeutic and adverse effects of early headgear treatment from controlled clinical trials on human patients in an evidence-based manner. Search methods: An unrestricted electronic search of six databases from inception to December 2015. Selection criteria: Randomized and prospective non-randomized controlled trials assessing the effects of headgear treatment on human patients. Data collection and analysis: After duplicate study selection, data extraction, and risk of bias assessment according to the Cochrane guidelines, random-effects meta-analyses of mean differences (MDs) and relative risks (RRs), including their 95% confidence intervals (CIs) were performed, followed by subgroup and sensitivity analyses. Results: A total of 18 unique studies with a total of 930 (56% male/44% female) patients were included. Headgear treatment was associated with a posterior translation of the anterior maxilla border in the short term, as seen by the mean annualized change in the SNA angle (MD = −1.63°/ year; 95% CI = −2.20 to −1.06°/year; high quality evidence) compared to untreated patients. This effect was independent of the rotation of the palatal plane and the inclination of the upper incisors, while a proportional relationship with the initial discrepancy in SNA was seen. The clinical significance of this improvement diminished in the long term, although only limited evidence existed. Additionally, early headgear treatment might decrease the risk of dental trauma during the following years (RR = 0.34; 95% CI = 0.14 to 0.80; moderate quality evidence). Low quality evidence on the effect of headgear on the rotation of the palatal plane, the nasolabial angle, the occlusal outcome, and signs of temporomandibular disorders precluded robust assessments, due to risk of bias, inconsistency, imprecision, and small-study effects. Conclusions: Based on existing trials, headgear is a viable treatment option to modify sagittal growth of the maxilla in the short term in Class II patients with maxillary prognathism. Registration: PROSPERO (CRD42015029837). Funding: None.
Introduction

Rationale
Application of extraoral traction to the maxilla has been used for many decades in order to restrain or redirect growth in Class II patients, especially those with maxillary excess (1, 2) . This inhibitory effect on maxillary anterior displacement has most often been achieved with the headgear appliance, which according to the direction of applied force can be divided into three categories: high-pull headgear (anchored at the upper back of the head), cervical headgear (anchored at the back of the neck), and combi-headgear (anchored at both sites).
Clinical investigations have demonstrated that the effects of headgear treatment are partly due to dental changes in the sagittal and vertical plane and partly due to skeletal changes. Headgear has been reported to effectively modify maxillary growth in both the sagittal and the vertical direction (3, 4) , while rotation of the palatal plane and changes in the anterior face height have also been reported (3, 5, 6) . Many authors cite headgear type, as well as the magnitude of force applied and the direction of pull as important effect modifying factors to be considered (7) .
Although the headgear appliance has been studied extensively and has gained widespread acceptance as an effective means of correcting anteroposterior discrepancies, its treatment effects have yet to be adequately assessed in an evidence-based manner. Previous systematic reviews on the subject either pooled headgear together with other appliances (8) , assessed various Class II modalities without focusing on headgear and all its aspects (9, 10), or included retrospective clinical studies (11) , which have been shown to be associated with bias (12) . Furthermore, methodological issues such as the inappropriate use of fixed-effect models (13) , problematic interpretation of meta-analysis results (14) , and no assessment of the quality of evidence with the Grades of Recommendation, Assessment, Development and Evaluation (GRADE) approach (15) might affect the conclusions of these reviews.
Objectives
Aim of this systematic review was to assess the evidence from randomized and prospective non-randomized trials in humans, in order to investigate the effect of orthopaedic treatment of Class II with extraoral traction delivered to the maxilla with headgear appliance and compare it to untreated Class II patients.
Materials and methods
Protocol and registration
The protocol for this review was made a priori based on the PRISMA-P statement (16) , registered in PROSPERO (CRD42015029837), and all post hoc changes were appropriately noted. This systematic review was conducted and reported according to Cochrane Handbook (17) and PRISMA statement (18) , respectively.
Eligibility criteria
According to the PICOS (Participant-Intervention-ComparisonOutcome-Study design) schema, parallel randomized or prospective non-randomized trials comparing any type of headgear appliance to an untreated control group in human patients were included. Excluded were non-clinical studies, retrospective studies, and studies where headgear was combined with other appliances. Additionally, studies with purely dental effects of headgear (including molar distalization, tooth retraction, anchorage reinforcement, etc) were excluded, as these fall out of this review's scope (Supplementary Table 1 ).
Information sources and literature search
A total of six electronic databases were searched systematically by one author (SNP) without any limitations from inception up to 12 December 2015 (Supplementary Table 2 ). Four additional sources (Scopus, Google Scholar, ClinicalTrials.gov, and ISRCTN registry) were manually searched for additional trials or protocols by the same author. No limitations concerning language, publication year, or publication status were applied. The reference and citation lists of the included trials and relevant systematic reviews were manually searched as well.
Study selection
The titles/abstracts of identified studies were screened by one author (SNP) with a subsequent duplicate independent checking of their full texts for eligibility by four authors (SNP, EK, SM, LG), while conflicts were resolved by another author (AJ).
Data collection
Characteristics of included trials and numerical data were extracted independently by the same authors (SNP, EK, SM, LG) using predetermined and piloted extraction forms. Piloting of the forms was performed during the protocol stage until over 90% agreement was reached. Missing or unclear information was requested by the trials' authors and raw data were requested from the authors of all included trials to eliminate baseline confounding and perform explorative analyses.
Risk of bias in individual trials
The risk of bias of the included randomized and non-randomized trials was assessed using Cochrane's risk of bias tool (17) and with the ACROBAT-NRSI (A Cochrane Risk Of Bias Assessment Tool: for Non-Randomized Studies of Interventions) tool (19) , respectively. A main risk of bias assessment was included in the systematic review pertaining to the review's primary outcome.
Data synthesis
As the outcome of headgear therapy is bound to be affected by the design of the appliance and the patient's malocclusion, growth potential, and compliance, a random-effects model according to DerSimonian and Laird (20) was deemed appropriate to encompass this variability. The mean difference (MD) and the relative risk (RR) with their corresponding 95% confidence interval (CI) were chosen as effect measures for continuous and binary outcomes, respectively. The standardized mean difference (SMD) was chosen to pool similar cephalometric measurements of the inclination of the palatal plane (SN-NL and FH-NL), as well as similar cephalometric measurements of the sagittal position of the A point (Co-A and Nperp-A). The number needed to treat (NNT) was used to clinically translate the results of significant meta-analyses of binary outcomes.
Between-trial heterogeneity was quantified with the I 2 statistic, defined as the proportion of total variability in the results explained by heterogeneity, and not chance (21) . The 95% uncertainty intervals (95% UI) (similar to CIs) around the I 2 were calculated using the non-central χ 2 approximation of Q (22) . Ninety-five per cent predictive intervals (95% PrI) were calculated for meta-analyses of three trials or more, as they incorporate existing heterogeneity and provide a range of possible effects for a future clinical setting, which makes them crucial for the interpretation of random-effects metaanalyses (23) . All analyses were run in Stata SE 10.0 (StataCorp, College Station, USA) by one author (SNP). A 2-tailed P value of 0.05 was considered significant for hypothesis testing, except for a 0.10 used for the test of heterogeneity and reporting biases, due to low power (24) .
Risk of bias across studies
The overall quality of evidence (confidence in effect estimates) for each of the main outcomes was rated using the GRADE approach (15) by one author (SNP) and checked by three others (EK, SM, LG). For the included cephalometric outcomes, the GRADE assessment was based on the short-term effects directly after early phase 1 headgear treatment, as the majority of studies reported these. Additionally, cephalometric effects have been shown to be transient and their stability heavily dependent on the retention scheme. For the rest of included outcomes, which were non-cephalometric and patient-oriented in nature, the long-term effects after a subsequent phase 2 comprehensive fixed appliance treatment were assessed, as these are clinically more relevant. The minimal clinical important, large, and very large effects were conventionally defined (Supplementary Data). The produced forest plots were augmented with contours denoting the magnitude of the observed effects.
Additional analyses
In meta-analyses of at least five studies, possible sources of heterogeneity were planned a priori to be sought through pre-specified mixed-effects subgroup analyses/random-effects meta-regression with the Knapp-Hartung (25) adjustment. Indications of reporting biases (including small-study effects) were assessed for meta-analyses with ≥10 studies with Egger's linear regression test (26) and inspection of contour-enhanced funnel plots.
Sensitivity analyses
Sensitivity analyses were conducted for meta-analyses of at least 10 studies to assess their robustness according to the study design, the improvement of the GRADE classification, and any data transformations performed. Finally, a sensitivity analysis was conducted to check, if the headgear-induced SNA reduction was due to anteroposterior translation of the A point (subspinale) or rather a cephalometric artefact due to a change in the inclination of the maxillary base or to a change in the inclination of the upper incisors.
Results
Study selection
A total of 800 and 30 papers were identified through the electronic and manual searches, respectively ( Figure 1 ). After removal of duplicates and initial screening (Supplementary Table 3 ), 118 papers were judged against the eligibility criteria, leaving a final number of 47 included published papers. After collating multiple publications pertaining to the same trials, a total of 18 separate trials were included ( Figure 1; Supplementary Table 3 ).
Study characteristics
The characteristics of the included trials can be seen in Tables 1  and 2 . Out of the 18 included trials, 5 (28%) were randomized and the remaining 13 (72%) were prospective non-randomized trials. They included a total of 930 patients (with at least 479 male and 379 female patients) with mean ages ranging between 7.6 and 12.9 years. In nine studies (50%), a high-pull headgear, in five (28%) a cervical, and in three (17%) a combi-headgear was used. In one randomized study, either a high-pull or a cervical headgear was used, according to the initial mandibular plane angle of each patient. In almost all of the included studies (n = 17; 94%) the inner bow of headgear was attached to the tubes of molar bands (n = 8; 44%), various kinds of plates/biteplanes (n = 6; 33%) or a combination of those (n = 3; 17%), while the control group received no treatment.
One study compared a headgear-fixed appliance group to a group receiving only fixed appliance and is reported separately from the others to separate the pure effects of headgear from the effects of the fixed appliances.
The corresponding authors of all included trials (apart from two older studies) were contacted to request raw trial data. However, apart from three dissertations that already provided raw data as appendices (27) (28) (29) , no additional data could be retrieved.
Risk of bias within studies
A summary of the risk of bias for all studies can be seen in Figure 2 . The detailed risk of bias assessment for the included randomized and non-randomized trials can be found in Supplementary Tables  3 and 4 , respectively. Serious risk of bias was found in 4 of the 5 randomized trials for at least one domain and for multiple domains of all non-randomized trials. The most problematic domain for both randomized and non-randomized trials was the lack of blinding for the outcome assessors. Domains that were also problematic for most non-randomized trials were confounding and unclear or problematic selection of participants into the study. 
Results of individual studies and data synthesis
From the 18 studies included in the systematic review, three trials did not proceed to the phase of data synthesis, as they did not report complete outcome data and therefore were excluded.
The results of the primary outcome and the six secondary outcomes can be seen in Table 3 . As far as short-term annualized cephalometric effects are concerned, the early headgear treatment was associated with a significant reduction in the SNA angle (MD = −1.63°/year; 95% CI = −2.20 to −1.06°/year; Figure 3 ), a significant posterior rotation of the palatal plane (SN-NL and FH-NL angles), and a significant backward repositioning of the anterior maxilla border (Co-A and Nperp-A distances), while no effect on the nasolabial angle was found.
As far as long-term cephalometric effects after a subsequent phase 2 fixed appliance treatment are concerned, headgear treatment was associated with a minimal reduction in the SNA angle (MD = −0.14°/year; 95% CI = −0.26 to −0.02°/year) and a considerable retraction of the anterior maxilla border (measured with Co-A and Nperp-A; SMD = −0.46/year; 95% CI = −0.75 to −0.17/year). Finally, headgear treatment was associated with a reduction in the risk of dental trauma during the phase 2 fixed appliance treatment (RR = 0.34; 95% CI = 0.14 to 0.80). The NNT (i.e. = 9) indicated Table 1 . Design and patient characteristics of the included studies. M/F, male/female; yrs, years; uuCT, non-randomized clinical trial with unclear intervention and unclear control group; RCT, randomized controlled trial; pcCT, non-randomized clinical trial with prospective intervention and concurrent control group; uhCT, non-randomized clinical trial with unclear intervention and historical control group; phCT, non-randomized clinical trial with prospective intervention and historical control group; Exp, experimental group; Ctr, control group; Cl. II, class II; OJ, overjet; OB, overbite; PPG, pubertal peak growth; HWR, hand-wrist radiograph; NR, not reported; CVM, cervical vertebrae maturation; LFH, lower face height; AOB, anterior open bite; MPA, mandibular plane angle. that an additional dental trauma incident during the fixed appliance phase would be avoided for every nine patients that were treated early with headgear. Regarding non-cephalometric outcomes, headgear treatment was associated with a statistically significant, but clinically irrelevant, reduction in the peer assessment rating (PAR) index and a slight reduction in the incidence of dental trauma and temporomandibular joint pain, both of which were not statistically significant.
No
Additional outcomes that were reported from included studies, but which were not included in the protocol of this review can be seen in Supplementary Table 6 . Headgear treatment was associated with reduced priority, difficulty, and duration for a subsequent Contour-enhanced forest plot for the meta-analysis of the primary outcome (difference of the annualized SNA angle change between the headgear and the control groups). Contours indicate increasing effect magnitude from the middle line-of-no-effect outwards (±1.7°, ±2.4°, ±3.7° used as cut-offs to indicate moderate, large, and very large effects). Studies to the left indicate that the SNA angle in headgear patients is reduced annually compared to untreated patients. MD, mean difference; CI, confidence interval; adj, adjusted effect estimate from regression of raw data; and PrI, predictive interval.
comprehensive treatment with fixed appliances, although the overall treatment duration (for both phases) was longer. Additionally, no apparent effect of headgear treatment on either external apical root resorption or signs of temporomandibular disorders could be found. The single trial that compared headgear plus fixed appliances to fixed appliance alone reported no significant effect of headgear treatment on head posture after 11-12 months of treatment.
Risk of bias across studies
The assessment of reporting biases (including the possibility of publication bias) can be seen in Supplementary Figure 1 . No signs of bias were found for the SNA angle (Egger's coefficient = −0.04; 95% CI = −5.25 to 5.17; P = 0.986). However, significant signs of reporting bias were seen for the combined SN-NL & FH-NL analysis (Egger's coefficient = 5.18; 95% CI = 1.61 to 8.75; P = 0.009), which indicated that small/imprecise studies tend to exaggerate the effects of headgear treatment on maxillary inclination (i.e. 'smallstudy effects'). When looking at the most precise third of the available studies through a post hoc stratified analysis, a considerably smaller and clinically irrelevant effect of headgear treatment on the maxillary inclination was seen (Supplementary Figure 2) .
Additional analyses
The investigation of possible sources of heterogeneity through subgroup analyses and meta-regressions indicated that no statistically significant modifying effects could be found regarding age, gender, force magnitude, and appliance (bands or biteplanes) (Supplementary Table 7 ). However, increased posterior rotation of the maxilla was found for cervical headgear compared to combiheadgear or high-pull headgear (SMD of 1.50 compared to 0.87 and 0.11, respectively). Although the difference in the magnitude of the effects was clinically significant, no statistical significance was reached, presumably due to the small number of contributing studies.
Explorative analysis of the effect of baseline SNA on the treatment-induced annual SNA reduction among headgear patients based on re-analysis of raw trial data revealed a statistically significant modifying effect (Supplementary Table 8 ; coefficient = −0.18; 95% CI = −0.25 to −0.10). Based on these data, stratified metaanalysis of the three trials with available raw data selecting patients with increasing SNA showed that the annual reduction in SNA compared to the no-treatment group increases proportionally to the initial SNA discrepancy (Supplementary Table 9 ). This indicates that the skeletal effects of headgear might be more pronounced, when used in patients with an increased degree of maxillary prognathism.
GRADE assessment
The GRADE assessments for the cephalometric and non-cephalometric outcomes can be seen in Tables 4 and 5, respectively (details  in Supplementary Table 10 ). The quality of the overall cephalometric Table 3 . Details of the performed meta-analyses. CI, confidence interval; PrI, predictive interval; UI, uncertainty interval; Ph1, phase 1 (headgear treatment/observation); MD, mean difference; SMD, standardized mean difference; yr, year; PAR, peer assessment review; RR, relative risk; Ph2, phase 2 (fixed appliance treatment following headgear treatment/ observation). 
*Pooled trial arms included. **High heterogeneity identified, which could not be explained by subgroup analyses; however, it might affect only the precise estimation of the effect magnitude, not our decision about the direction of headgear's effect (i.e. all studies lie on the same side of the forest plot). ***High heterogeneity identified, which could not be explained by subgroup analyses and could not be alleviated by excluding one or two imprecise studies. Heterogeneity could influence our decision about the direction of the headgear's effect (i.e. all studies on both sides of the forest plot). Some variation across studies can be explained by small-study effects (i.e. small/imprecise studies show exaggerated headgear effects). Caution is warranted in the interpretation of this outcome.
evidence was very low in all instances, due to the high risk of bias, inconsistency, and signs of reporting biases. The quality of overall evidence regarding the rest of the outcomes ranged from low to moderate, due to high risk of bias and imprecision originating from inadequate sample sizes.
Sensitivity analyses
When comparing the original analysis of SNA angle with an adjusted analysis that takes into account the change in the inclination of the palatal plane (SN-NL or FH-NL angle) and the change in the inclination of the upper incisors (1s-NL angle), no considerable difference could be found (Supplementary Figure 3) . This supports the notion that the SNA reduction achieved by headgear corresponds to a true posterior translation of the A point (subspinale) and is not a cephalometric artefact.
Sensitivity analyses indicated that the results were relatively robust. Randomized trials reported more conservative headgear effects than non-randomized trials (0.53 and 1.04 difference in MDs and SMDs, respectively) and adjusted estimates from available raw trial data were more conservative than the rest of the data; these were not statistically significant (Supplementary Table 11 ).
Sensitivity analysis on the basis of improving the GRADE classification by eliminating all factors that might introduce bias (Supplementary Table 12) indicated that high quality evidence supports a reduction in SNA achieved by headgear. On the other side, the robustness of the effects of headgear on the inclination of the palatal plane was very poor and the effects were inconsistent in direction, and therefore caution is warranted by their interpretation.
Discussion
Summary of evidence
This systematic review included 5 randomized and 13 non-randomized trials and a total of 930 patients. A considerable lack of evidence exists regarding the therapeutic effects of headgear and especially long-term outcomes. Most trials are small non-randomized trials that investigate short-term cephalometric effects with serious limitations in their planning, conduct, and reporting.
As far as short-term effects are concerned, headgear treatment was associated with a more posterior position of the anterior maxillar border compared to untreated patients, as seen through both the SNA angle and the combined Co-A/Nperp-A distances. This could be interpreted as a modification of the maxillary sagittal growth resulting from the application of extraoral traction. Some authors consider the A point (subspinale) to be an unreliable anatomic landmark, which may be directly influenced from the labial inclination of the upper incisors (30) (31) (32) (33) or from the rotation of the palatal plane (34) (35) (36) . However, the explorative analysis of raw data (Supplementary Figure 3) indicated that there was little to no change in the SNA reduction by headgear, when the treatment changes in the incisor inclination or the rotation of the palatal plane during treatment were taken into account (original and *Starts from 'low', due to the vast inclusion of non-randomized studies. Further downgraded by one, due to serious risk of bias from serious methodologic limitations. **High heterogeneity, which could not be explained by subgroup analysis, while our confidence regarding decision is affected by it (trials on both sides of the forest plot). ***Signs of dose-response effectiveness (increased maxillary growth retardation with increased baseline discrepancy) and robustness after elimination of confounding (adjusted and unadjusted estimates were very similar) were found. However, we did not upgrade, as risk of bias and inconsistency exist. ****Signs of reporting bias (small-study effects) identified through Egger test. Small/imprecise studies tend to report greater treatment effects for headgear.
adjusted MDs of −0.84 and −0.74, respectively; both P < 0.001). This supports the notion that the effect of headgear might be due to a true change in the skeletal base, rather than an artefact of cephalometric measurement. Additionally, the amount of headgearinduced reduction in the SNA angle was significantly associated with the baseline SNA angle (Supplementary Table 8 ), as can also be been seen by the stratified meta-analyses according to baseline SNA (Supplementary Table 9 ). This seems to indicate that the skeletal effects of headgear treatment are more pronounced in patients with a marked maxillary prognathism. Finally, this might also explain some of the variability seen in the results of existing headgear trials, as increased SNA is rarely used as a criterion to recruit appropriate Class II patients for headgear treatment (mean baseline SNA ranging between 78.9° and 84.3° in the included trials). Based on the results of the subgroup analyses (Supplementary Table 7) , there was only a small variation in the headgear effect on the SNA angle among high-pull, cervical, and combi-headgear. This agrees in part with older retrospective data that reported no significant difference in the change in SNA angle between cervical and high-pull headgear (37, 38) . Although Baumrind et al. (37) , contrary to our results, reported greater SNA reduction with the high-pull headgear compared to the cervical headgear (average difference of 0.26° in SNA), this was not statistically significant, while the two groups were retrospective in nature and differed in baseline characteristics and treatment duration.
According to the results of this systematic review, the effect of headgear treatment on the inclination of the palatal plane (measured with the SN-NL and FH-NL angles) could not be robustly assessed, due to the very low quality of evidence. With a first reading, headgear treatment was associated with a considerable posterior rotation of the maxilla (SMD of 0.54; translated to a 0.60°/ year increase in the SN-NL angle) compared to the control group. However, the amount of posterior rotation was associated with the direction of applied forces (Supplementary Table 7) , as cervical headgear resulted in much greater rotation of the maxilla compared to high-pull headgear (SMDs of 1.50 and 0.11, respectively), even if this difference was not statistically significant, due to large heterogeneity and imprecision. Additionally, considerable signs of reporting bias ('small-study effects') were seen, as small and imprecise studies tended to report significantly exaggerated rotational changes of the palatal plane than larger and more precise studies (Supplementary Figure 2) . In light of the serious risk of bias of the contributing studies, the very low quality of evidence, and the fact that the sensitivity analysis contradicted the results of the original analysis, making evidence-based recommendations about the effect of headgear on Table 5 . GRADE summary of findings table for the main outcomes of the systematic review after treatment with headgear (phase 1) and after a subsequent fixed appliance treatment (phase 2). CI, confidence interval; HG, headgear; PAR, peer assessment rating; yr, year; MD, mean difference; RR, relative risk; TMJ, temporomandibular joint; Ph1, phase 1 (headgear treatment/observation); Ph2, phase 2 (fixed appliance treatment following headgear treatment/ observation).
Patients: receiving treatment for class II malocclusion Settings: university clinics (Brazil, China, Finland, Sweden, Turkey, USA) Intervention: extraoral traction with the headgear appliance (phase 1) followed by a subsequent comprehensive treatment with fixed orthodontic appliances (phase 2) Comparison: no treatment/observation (phase 1) followed by a subsequent comprehensive treatment with fixed orthodontic appliances (phase 2) *Downgraded by one point, due to high risk of bias in one randomized trial. **Downgraded by one point, due to inadequate sample; the 95% CI includes both the null effect and large effect values, which indicates imprecision. the maxillary inclination is not feasible at this time and further welldesigned studies are needed.
Concerning long-term effects of headgear treatment after a subsequent phase 2 comprehensive treatment with fixed appliances, moderate quality evidence indicated that there may be little to no difference in the occlusal outcome (measured as an overall reduction in PAR scores) between patients treated early with headgear or not (Table 5 ). This indicates that an initial better occlusal outcome in patients directly after headgear treatment (MD = −5.30; 95% CI = −8.77 to −1.83; P = 0.003; 1 year after treatment) is 'blended out', during the subsequent years and no significant difference exists after the comprehensive treatment with fixed appliances (P = 0.530).
As far as early headgear treatment as means of prophylaxis for dental trauma is concerned, moderate to low quality of evidence supports a protective role of headgear ( Table 5 ). The magnitude of this effect ranges from moderate (RR = 0.68 for the combined duration of phase 1 and phase 2 treatment) to large (RR = 0.34 for the duration of phase 2 treatment) and should be interpretated by weighing the pros and cons for each specific patient individually. Although the mean cost for trauma rehabilitation is smaller for patients treated with headgear than untreated ones (19.7$ compared to 60.6$, almost exclusively minor traumata observed), it is still minor and comes nowhere near the average fees of an orthodontic treatment (39) . Additionally, many factors have been reported to influence the incidence of dental trauma including patient sex, age, obesity, bullying, sports activities, as well as oral factors such as lip competence and overjet (40) (41) (42) , although overjet was not found to be correlated with trauma in the two included trials (39, 43) . Using the overall trauma prophylaxis effect (RR = 0.68) to calculate the NNT for an average class II patient (trauma risk = 33.3%; average of included trials) or a high-risk basketball-playing patient [trauma risk = 55.4% (44)], we would avoid an extra incident of dental trauma for each nine average patients or six high-risk patients treated early with headgear.
No apparent effect of headgear on the post-treatment incidence of temporomandibular joint pain could be identified (Table 3) , which agrees with cross-sectional data (45) . Although headgear had a slight protective role, lowering the risk of joint pain for both asymptomatic patients and patients with pre-treatment joint pain, this effect was not statistically significant. It has been suggested that a backward translation of the maxilla through headgear, with the subsequent compensatory retraction of the mandible by the muscles, can put distal pressure on the condyles and cause an anterior dislocation of the disc (46) . However, this could not be confirmed from the results of this review, where a slight joint-protective effect (RR = 0.54) was found by headgear treatment [although this was not comparable to the improvement seen by anterior repositioning of the mandible with functional appliances (47) ].
Limited evidence on the long-term results of headgear treatment indicated that the initial skeletal improvement diminished somewhat after phase 2 comprehensive treatment for both the SNA angle (MDs of −1.63°/year and −0.14°/year in the short and long term, respectively) and the Co-A & Nperp-A distance (SMDs of −0.61/year and −0.46/year in the short and long term, respectively), but remained statistically significant. The stability of the headgear effect is an important issue that has been heavily debated. It has been reported that relapse occurs to headgear patients after treatment (48) , which is dental in nature, and was more probable in patients without retention (42% of patients without retention and 32% of patients with retention).
Finally, the results of headgear treatment are heavily dependent on patient compliance, which was assessed only subjectively in a small number of the included trials. Studies that evaluated the duration of headgear wearing have indicated that most patients do not comply with their appliance-wearing recommendations, especially when asked to wear these for prolonged times (49) , and that clinicians are poor judges of compliance levels (50, 51) . As only subjective measurements of headgear compliance were available and these have been shown to be unreliable, future studies utilizing objective electronic compliance measurement methods (52) would be useful to establish a dose-response relationship on headgear treatment.
Strengths and limitations
The strengths of this systematic review include the extensive unrestricted literature search, the robust review procedures, and the use of raw trial data in the analyses. Finally, this review was registered a priori, did not include biased retrospective trials, provided quantitative data for all included studies, and assessed the quality of evidence with the GRADE approach, while the robustness of the results to the risk of bias was checked through sensitivity analyses.
However, some limitations are also present in this study. First and foremost, this systematic review could potentially suffer from the 'garbage in, garbage out' principle. This pertains to the fact that the quality of existing trials on headgear is problematic, while mainly non-randomized trials exist. This might potentially influence the magnitude and direction of observed effects (12, 53, 54) . Furthermore, additional outcome data from trialists could not be obtained, apart from three trials with already provided data. Moreover, the effect of headgear could not be assessed in conjunction with 1. growth stage, 2. inclination of the outer bows, 3. patient compliance, and 4. retention scheme, although originally planned. Finally, the limited number of included trials precluded robust assessments of heterogeneity, subgroup analyses, small-study effects, and reporting biases for most of the outcomes.
Conclusions
Based on high quality evidence, headgear treatment is associated with a short-term reduction of the SNA angle, which is independent of confounding effects on the subspinale point and is proportional to the degree of the initial discrepancy in the SNA angle. Therefore, headgear might seem like a viable and effective treatment option for the management of Class II malocclusion with maxillary prognathism. Based on evidence of moderate quality, treatment with headgear might decrease the risk of dental trauma during the subsequent years, so this should be taken into account when planning the Class II treatment of patients in high risk of dental trauma. The effect of headgear on the maxillary rotation, the nasolabial angle, the reduction in PAR scores, and signs of temporomandibular disorders could not be robustly assessed, due to limited evidence of low quality.
Recommendations for further research
Parallel randomized controlled trials or well-designed prospective non-randomized trials with blinded outcome assessment are needed in order to robustly assess the effects of headgear treatment for Class II malocclusion, especially in the long term. Primary focus should be thrown into objective measurements of therapeutic effects (such as patient satisfaction and quality of life, the quality of final occlusion measured with the American Board of Orthodontics Objective Grading System, treatment duration, and relapse) or adverse effects (including effect on upper airways, signs of temporomandibular disorders, root resorption, oral discomfort, functional impairment, and cost of treatment).
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